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Identification of the key immune 
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Shunlan Liu2* and Zhuna Wu1*
1Department of Gynecology and Obstetrics, The Second Affiliated Hospital of Fujian Medical 
University, Quanzhou, Fujian, China, 2Department of Ultrasound, The Second Affiliated Hospital of 
Fujian Medical University, Quanzhou, Fujian, China

Background: This study aims to evaluate novel immune-related biomarkers for 
distinguishing borderline ovarian tumors (BOTs) from Benign ovarian tumors 
(BeOTs), addressing the diagnostic challenges posed by their intermediate 
biological behavior between benign and malignant neoplasms.
Methods: We obtained the microarray expression profiles from the datasets 
(GSE4122 + GSE6822 + GSE36668) in the Gene Expression Omnibus 
(GEO) database and integrated them with the immune-related genes in the 
ImmPort database. Differentially immune-related genes (DIRGs) underwent 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analysis. Protein-protein interaction (PPI) network was built to 
explore the connection. Candidate biomarkers were identified using the 
Least absolute shrinkage and selection operator (LASSO) and support vector 
machine-recursive feature elimination (SVM-RFE), with their diagnostic ability 
evaluated using Receiver operating characteristic (ROC) curves. A nomogram 
was constructed to predict BOTs. To validate the diagnostic potential and 
expression profiles, immunohistochemistry (IHC) analysis was performed in 
conjunction with the evaluation of an independent test group. We characterized 
the infiltration profiles of 22 immune cell types in BOTs through the CIBERSORT 
algorithm.

Results: We identified 26 DIRGs between BOTs and BeOTs. These DIRGs 
were primarily associated with the positive regulation of transferase activity, 
the positive regulation of epithelial cell proliferation, and the positive 
regulation of the MAPK cascade. KEGG analysis indicated enrichment of 
Rap1 and PI3K-Akt signaling pathways. FGFR3, GNAI1, NR3C1, and PDGFA 
were found to have potential diagnostic value for BOTs (AUCFGFR3 = 
0.883, AUCGNAI1 = 0.789, AUCNR3C1 = 0.760, AUCPDGFA = 0.783) and further 
validated in the test group (AUCFGFR3 = 0.917, AUCGNAI1 = 0.900, AUCNR3C1

= 0.867, AUCPDGFA = 0.833). Low expression of NR3C1 and GNAI1 and high 
expression of FGFR3 and PDGFA are associated with the development of
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BOTs. In addition, NR3C1 negatively correlated with CD4 memory resting T cells, 
as well as positively correlated with T cells gamma delta (P < 0.05).

Conclusion: Our study findings suggested that NR3C1 may serve as an 
immune-related diagnostic biomarker for BOTs, offering a novel perspective for 
investigating the development and diagnosis of BOTs.

KEYWORDS

machine-learning, borderline ovarian tumors(BOTs), benign ovarian tumors(BeOTs), 
NR3C1, immune-related biomarkers 

Introduction

    
       

    
    

      

 

TABLE 1  GEO database data of BOTs mRNA expression profile.

Dataset ID Platform BOTs BeOTs

Train Group

Test Group

Methods

Data collection and processing

  

 

  

Function and pathway enrichment of 
DIRGs
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PPI network construction and analysis

  

   

  

Building a model to predict BOT diagnosis 
based on DIRGs

  

  

  

Establish and validate the PCA and 
nomogram model for the diagnostic ability 
of BOTs

  

Evaluation of immune cell infiltration in 
BOTs and biomarkers

     

   

Patient and tissue samples

 

Immunohistochemistry (IHC)

 

Quantitative real-time PCR (qRT-PCR)
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Statistical methods

  

Results

Study procedure

 

Identification of DIRGs in BOTs

 

  

Functional enrichment analysis

  
  

PPI network construction and hub gene 
selection

 

Correlation of prospective biomarkers in 
BOTs
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FIGURE 1
The flowchart of the overall study.

Construction of a diagnostic model for 
BOTs

   
 

Comprehensive characterization and 
verification of the eight key DIRGs
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FIGURE 2
Detection and function of DIRGs between BOTs and BeOTs. (A) Heatmap showing the expression levels of top differentially expressed genes (DEGs) 
between BeOTs and BOTs groups. Each row represents a gene (with gene names shown in row annotations), and each column represents a sample 
(sample IDs not shown). The color scale represents row Z-score normalized expression values, with blue indicating low expression and red indicating 
high expression. Sample groups are annotated at the top (BeOTs vs. BOTs). (B) Volcano plot shows the distribution of DEGs. The x-axis shows log2 fold 
change (logFC), and the y-axis represents -log10 (adjusted P-value). Red dots denote significantly upregulated genes (adjusted P < 0.05, positive logFC) 
with higher expression in BOTs. Green dots denote significantly downregulated genes (adjusted P < 0.05, negative logFC) with lower expression in 
BOTs. Gray dots represent non-significant genes. Vertical dashed lines indicate |logFC| > 1 thresholds; horizontal dashed line marks the significance 
threshold (adjusted P = 0.05). (C) A Venn plot was used to identify the intersection of DIRGs between the IRGs and the DEGs. (D) Circular visualization 
  (Continued)
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FIGURE 2 (Continued)
of GO terms. Enriched terms across BP (outer sector), CC (middle sector), and MF (inner sector) are shown. Bar height: Gene count (0–400). Bar 
color: Significance (-log10P-value; darker = better). Inner marks: Rich Factor (0–1; specificity). Labels: GO term IDs. (E) Bar plot of enriched Gene 
Ontology (GO) terms. Top 10 significantly enriched terms (p < 0.05) are shown for each ontology: Biological Process (top), Cellular Component 
(middle), and Molecular Function (bottom). The x-axis indicates the Gene Ratio (number of enriched genes in term÷total background genes). Terms 
are ranked by statistical significance. (F) Bar plot of enriched KEGG pathways. Top 30 significantly enriched pathways (p < 0.05). The x-axis indicates 
the Gene Ratio (number of enriched genes in pathway÷total background genes). Pathways are ranked by statistical significance

FIGURE 3
Association between DIRGs and hub genes. (A) PPI network of the 12 DIRGs constructed using the STRING database. Nodes represent proteins (gene 
products) with colors indicating their functional clustering: proteins with similar biological roles share the same color. Lines (edges) represent predicted 
functional associations with colors denoting the types of supporting evidence: experimentally validated interactions (pink), database-curated 
interactions (blue), co-expression evidence (black), and text mining predictions (yellow). Line thickness reflects the confidence score of each 
interaction. (B) Top 10 hub genes identified by the MCC algorithm using the cytoHubba plugin in Cytoscape. Node color intensity reflects MCC score, 
where warmer (redder) colors indicate higher centrality scores and greater importance in the network. (C) Heatmap showing expression patterns of the 
top 10 hub DIRGs between BeOTs and BOTs groups. The color gradient represents row Z-score normalized expression values, with blue indicating low 
expression (negative Z-score) and red indicating high expression (positive Z-score). Each row represents a gene (labeled on the right), and each column 
represents a sample. Sample groups are annotated at the top (BeOTs vs. BOTs). (D) volcano plot presenting the top 10 hub DIRGs.

   

NR3C1 is associated with immune 
infiltration
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FIGURE 4
Analyzing the Correlation among DIRGs. (A) This heatmap visualizes pairwise Spearman correlations between 10 hub genes. Hierarchical clustering 
reorders genes to group similar correlation patterns. Red indicates positive correlations (max  = 0.58), blue indicates negative correlations (min  = 
−0.71), and white denotes weak/no correlation. Absolute correlations below the cutoff (| | < 0.3) are filtered out. Numerical values represent correlation 
coefficients ( ). Generated using “ggcorrplot” in R. (B) Nodes represent hub genes; edges (colored lines) indicate statistically significant correlations (| | 
> 0.3). Edge colors reflect correlation direction: red for positive correlations, blue for negative correlations. Node size and label font were enlarged for 
visibility. Generated using corrrnetwork_plot in R with a gradient legend ( : −1 to 1). (C) A scatter plot for some highly correlated DIRGs is provided. 
Positive correlation in red and negative correlation in blue. The darker the color, the greater the correlation.
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FIGURE 5
Development of a Prediction Model for BOTs. (A) The LASSO regression coefficient profiles of the 8 DIRGs are presented as a curve; each curve 
represents a gene’s coefficient path across regularization parameters (log ). Gene-specific colors shown in legend (top-right). (B) The LASSO Cox 
regression model was utilized to generate a plot of partial likelihood deviance against log( ). The left dotted line is at lambda. Min (at the minimum 
deviation), and the right dotted line is at lambda. 1se. (C) When n = 8, the curve of the total within sum of squared error curve under the corresponding 
cluster number n arrives at the “elbow point”. (D) Cross-validation error rate decreases as feature count increases, reaching its minimum (0.15) at 8 
features (red point). The blue curve tracks mean error across 10-fold cross-validation, with the dashed line indicating chance-level performance (0.5).

TABLE 2  Gene selection parameters and results from LASSO 
and SVM-RFE.

Method Key parameters Selected genes

  

 

Discussion
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FIGURE 6
Additional analysis of eight key DIRGs. (A) The positions on the chromosome of the right crucial DIRGs. (B) The PCA plot displays the sample 
distribution based on the expression profiles of 8 key DIRGs. Samples are colored by group (Control = blue, Treat = red), with dashed ellipses 
representing 95% confidence intervals for each group. The x- and y-axes correspond to the first two principal components (PC1 and PC2), with 
percentage values of explained variance indicated in parentheses. (C) The comparative expression levels of three crucial DIRGs in BOTs as opposed to 
BeOTs are presented by the train group datasets (GSE4122+GSE6822+GSE36668). (D) The efficacies of three crucial DIRGs in predicting BOTs within 
the train group were validated by ROC curves. (E) Nomogram for predicting the risk of borderline ovarian tumor based on eight differentially 
immune-related genes (DIRGs). The nomogram includes eight genes (FGFR3, PDGFA, GNAI1, AR, NR3C1, FGFR1, IGF1, and HRAS). For each gene, a 
point is assigned according to its expression level. The total points are calculated by summing the points of all genes and then converted to the risk of 
disease. (F) Calibration curve of the nomogram. The calibration curve compares the predicted risk (x-axis) with the actual observed risk (y-axis). The 
diagonal line represents the ideal prediction. The solid red line (Apparent) and the dashed blue line (Bias-corrected) show the performance of the 
model before and after bias correction by bootstrapping (1,000 repetitions), respectively.
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FIGURE 7
Validation of diagnostic biomarkers in the test group. (A) The PCA plot displays the sample distribution based on the expression profiles of 8 key DIRGs 
in the test dataset. Samples are colored by group (Control = blue, Treat = red). The x- and y-axes correspond to the first two principal components 
(PC1 and PC2), with percentage values of explained variance indicated in parentheses. (B) Boxplot showed the expression of DIRGs between BOTs and 
BeOTs in the test group (GSE51088) ( P < 0.05,  P < 0.01). (C) The ROC curve of the diagnostic efficacy verification of eight immune-related hug 
genes in the test group.
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FIGURE 8
The evaluation of four DIRGs related to immune infiltration. (A) Stacked bar plot showing the relative abundance of 22 immune cell subtype 
proportions between BOTs and BeOTs samples. (B) Differential immune cell infiltration profiles between BOTs and BeOTs. A stacked bar plot displays 
relative proportions of 22 immune cell types in each sample. Samples are grouped by tumor type (left: BeOTs, n = BeOTs number; right: BOTs, n = 
BOTs number). Color-coded segments indicate the relative abundance of specific immune cell subsets. (C) DIRGs-immune cell correlation network 
diagram: It shows the interactions between four genes (FGFR3, PDGFA, GNA11, NR3C1) and 22 types of immune cells in BOTs. Line colors indicate the 
direction of correlation (orange: positive correlation; green: negative correlation; gray: non-significant). Line thickness indicates the strength (thin 
thick: weak strong). The heatmap at the bottom shows the interaction relationships between immune cells (red: positive correlation; blue: 
negative correlation). All significant lines have passed statistical tests (p < 0.05). (D) Distribution of patients with 40 BOTs and 43 BeOTs stratified by NR3C1 
  (Continued)
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FIGURE 8 (Continued)
expression levels. The bar plot illustrates the number of patients with BOTs and BeOTs categorized according to NR3C1 expression levels (Low vs 
High; y-axis: Number of patients). Statistical analysis compared distribution differences between BOTs and BeOTs within each NR3C1 expression 
group using the Chi-square test. Significance level was set at p < 0.05, with   denoting p < 0.01. Representative images (×40 and ×200) of IHC 
staining for NR3C1 in BOTs and BeOTs specimens (high expression versus low expression). (E) qRT-PCR of NR3C1 expression in BOTs when 
compared with BeOTs specimens. Scale bars are shown.  p < 0.05. p-values were calculated by chi-square tests.
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